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Abstract 
This research aimed to study the behavior of female Murrah buffaloes in a silvopastoral 
system. The trial was carried out at Embrapa Eastern Amazon, under Afi climate according to 
the Köppen classification, between August and November 2009, during the less rainy season. 
Three different periods of the day were considered during activity evaluation: morning period 
– between 6:00 AM and 9:55 AM; intermediary period – between 10:00 AM and 1:55 PM; 
and afternoon period – between 2:00 PM and 5:55 PM. The animals were maintained in a 
silvopastoral system (SPS) (ST; n=10) with shade from Racosperma mangium. The 
meteorological variables of temperature and relative air humidity were measured, as well as 
the following animal behavior variables: time grazing, ruminating and idling, time standing 
and lying, and time in shaded and non-shaded areas. These variables were compared by T test 
(P<0.05). Air temperatures were higher in the non-shaded area of the SPS. All activities were 
reduced in the intermediary period, except idling. The grazing and rumination times in the 
morning were longer in non-shaded areas, while the time idling standing was longer during 
the intermediary period in shaded areas as a way of avoiding the harmful effects of the 
Journal of Agricultural Studies 
ISSN 2166-0379 
2021, Vol. 9, No. 2 
http://jas.macrothink.org 262 
intense solar radiation and high air temperatures of the Amazonian humid climate. Hence, 
SPSs may contribute to animal welfare and increase their productive behavior. 
Keywords: Amazon, ethology, water buffalo, thermal comfort 
1. Introduction 
Cattle adaptation to the climate and management conditions prevailing in tropical regions 
represents one of the greatest barriers for herd productivity, including in some regions of 
Brazil. Therefore, minimizing the harmful effect of the climate on animals in tropical and 
subtropical countries has been a constant concern in order to decrease the harmful action of 
the climate variables deemed responsible for thermal stress (Pezzopane et al., 2019; Marai 
and Haeeb, 2010). Such discomfort may be mitigated by management programs that lead the 
animals to cool down through shading, installation of fans and nebulizers, or the use of 
natural resources and appropriate facilities to reduce thermal stress (Giro et al., 2019; Parola 
et al., 2012). 
Under thermal stress, the animals change their stance to better dissipate heat with the wind, 
and they also stay more still so as to minimize the heat generated by ambulation. Among 
other behavioral changes, their food intake patterns are altered due to less time dedicated to 
grazing and rumination. Overall, food intake by animals in the field decreases when the 
ambient temperature is higher than 26 °C. In animals raised in the tropics, nighttime grazing 
may represent 60% of the total time dedicated to feeding (Rhoads et al., 2009). Thus, 
silvopastoral systems (SPS) are a modality of agroforestry systems with animals, forage 
plants, and trees in the same area that could be adopted to provide thermal comfort for 
animals through the shade provided by trees. 
Therefore, this research aimed to study the behavior of female Murrah buffaloes raised in a 
silvopastoral system in order to design strategies to increase animal welfare in the climate 
conditions of the eastern Amazon. 
2. Material and Methods 
2.1 Period and Experimental Site 
This experiment was conducted at Brazilian Agricultural Research Corporation - Embrapa 
Eastern Amazon (1º28’S and 48º27’W), in Belém, PA, Brazil, under Afi climate (Köpen). 
The rainier season lasts from January to July and a less rainy season lasts from July to 
December, the average air temperature is 26.8 ºC, annual rainfall is 2,876.9 mm and the 
average relative air humidity reaches 83% (Pachêco et al., 2009). Experimental procedures 
were previously approved by the Internal Technical Committee of Embrapa Eastern Amazon. 
Animal behavior data were collected for four months during the less rainy season, between 
August and November 2009, when thermal stress is greater and would lead to more 
representative evaluations of the effects of the environment, mainly shading, on animal 
behavior. 
The animal management area had 5.84 ha and was divided into three pens used for intensive 
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rotational grazing of false creeping paspalum (Brachiaria humidicola) with a stocking rate of 
0.8 A.U. ha-1 and 1.2 A.U. ha-1, respectively, at the beginning and at the end of the 
experimental period, using a 45-day grazing cycle with 15 days of occupation and 30 days of 
rest. 
Four years prior to the experiment, Racosperma mangium saplings were planted along the 
fences four meters apart in 60 cm x 60 cm x 60 cm pits, fertilized with buffalo manure (100 
g/pit) and 300 kg.ha-1 of natural reactive phosphate containing 33% P2O5 aiming at 
promoting fast growth. The trees were intended to improve the animal ambience and add 
value to the ranch by implementing the SPS, according to the recommendations of Falesi and 
Baena (1999). By the year of the experiment, shading was estimated at 10% of the area. The 
dividing and perimeter fences were electrified with two smooth steel wires and the fence 
posts were laid 15 meters apart according to the model described by Moura Carvalho et al. 
(2001). 
2.2 Experimental Animals 
Ten female Murrah buffaloes between four and five years old were used, weighing 479.6 kg 
on average, which were chosen for their health status and body condition score to ensure 
statistical uniformity. Before data collection, the animals remained in the experimental area 
for 14 days to adapt to the management and feeding conditions. Endo and ectoparasites were 
controlled prophylactically (Láu, 1999). The buffaloes fed exclusively on pasture with water 
and mineral salt ad libitum. 
2.3 Data Collection 
Meteorological data were recorded every minute by a portable automated meteorological 
station (TGD-300, Instrutherm, São Paulo, Brazil) installed in the same microclimate as the 
pen of the SPS, both in the shaded and non-shaded areas. This device has dry-bulb and wet 
thermometers to record air temperature, a thermo-hygrometer to measure relative air humidity, 
and a black-globe thermometer. Thus, data on air temperature and relative humidity, dew 
point, and black globe temperature were obtained. The environmental variables were 
recorded in a data logger every minute between 6:00 AM and 5:55 PM during the 
observations of pasture behavior. 
Information was obtained on time spent grazing, ruminating, idling, and in “other activities” 
for 12 straight hours from 6:00 AM to 6:00 PM, in special file cards of 60 minutes each 
divided into 12 five-minute periods during the eight data collection campaigns according to 
methodology adapted from Lourenço Júnior (1998). The females were numbered 1 to 10 with 
yellow non-toxic paint at the scapular and hindquarter for easier identification. The collection 
campaigns were always carried out with the animals in the same pen during the two first days 
of occupation. 
For animal behavior assessment, the following activity categories were analyzed: grazing, 
which considered the time the animal spent grazing; rumination, the sum of the periods the 
animal ruminated standing or laying; idling, the total time spend standing or lying; and “other 
activities,” which included walking, defecating, drinking water, urinating, and ingesting 
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mineral salt. For each activity category, the observers recorded whether the animal performed 
the activity in a shaded or non-shaded area. The data were collected by observers in cabins 4 
m above the ground installed in the pen occupied by the animals. Data collection was 
continuous, aiming at a representative observation of animal behavior activity every five 
minutes. The previously trained observers were replaced every four hours. 
2.4 Statistical Analysis 
The experiment followed a completely randomized design with two treatments: 1 – Female 
buffaloes in non-shaded area of the silvopastoral system; and 2 – female buffaloes in a shaded 
area of the silvopastoral system. The data underwent analysis of variance in which the means 
were computed, as well as graphical analyses of the trends for the variables considered. Three 
different periods were considered for assessing animal behavior activities: morning period – 
between 6:00 AM and 9:55 AM; intermediary period – between 10:00 AM and 1:55 PM; and 
afternoon period – between 2:00 PM and 5:55 PM. The software Statistical Analysis System 
(SAS, 2007) was used for the statistical analyses, with the use of T-test (P<0.05). 
3. Results 
3.1. Climate of the Experimental Area 
The air temperature in the shaded area was lower along the day (P<0.05) when compared to 
the non-shaded area (Figure 1). Higher values of relative air humidity (P<0.05) were recorded 
in the shaded area. The highest values of air temperature were recorded between 11 AM and 2 
PM, ranging from 32.57 to 33.80ºC. 
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Figure 1. Average values of the meteorological variables of air temperature (At, in °C) and 
relative air humidity (RH, in %) in the shaded and non-shaded areas of the silvopastoral 
system under climate conditions of the eastern Amazon 
3.2. Time Spent in Activities 
Figure 2 shows the mean frequency of the time spent in activities of grazing, rumination, 
idling, and “other activities” over 12 hours of observation. The grazing time was reduced 
during the hottest hours of the day (P<0.05), in the intermediary period; however, it was 
resumed after 4:00 PM, when the environment became milder, with a consequent reduction in 
rumination and idling. Besides, the other activities such as walking, defecating, drinking 
water, urinating, and ingesting mineral salt were constant during the whole analyzed period. 
 
Figure 2. Times of grazing – G, rumination – R, idling – I, and “other activities” – OA (%) of 
buffalo females raised in a silvopastoral system (SPS) in climate conditions of the eastern 
Amazon 
The time the female buffaloes stayed in the non-shaded and shaded areas of the SPS over 12 
hours of observation is shown in Figure 3. During the hottest hours of the day, in the 
intermediary period, the buffaloes stayed more time in the shade (P<0.05). The animals 
stayed in non-shaded areas in the early morning and after the intermediary period to develop 
different activities, among which grazing. 
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Figure 3. Time female buffaloes stayed (%) in non-shaded and shaded areas of the 
silvopastoral system (SPS) over 12 hours of observation in climate conditions of the eastern 
Amazon 
Table 1 shows the grazing times in the SPS. The grazing times were different in the three 
periods of the day in the non-shaded area, especially in the afternoon (P<0.05). The buffaloes 
grazed in the shaded areas mainly in the hottest hours of the day.  
Table 1. Grazing time (%) of female buffaloes in three periods of the day in the silvopastoral 




Morning 20.26bA 7.53aB 
Intermediary 15.23cA 8.12aB 
Afternoon 55.28aA 4.44bB 
Means followed by different small letters in the columns are different (P<0.05). Means 
followed by different capital letters in the lines are different (P<0.05). Periods: Morning (6 
AM - 9:55 AM), Intermediary (10 AM - 1:55 PM), and Afternoon (2 PM - 5:55 PM). 
Table 2 shows the rumination times either lying or standing in the SPS. The rumination times 
were different (P<0.05) in the three periods of the day in the shaded area, for lying animals, 
and it was greater in the intermediary period. This activity stood out in the intermediary 
period. For standing animals in shaded, the rumination decreased during the day, and it was 
smallest in the afternoon. Animals that were standing and with no-shaded, ruminated more in 
the morning. Both lying and standing animals spent more time ruminating in shaded than 
without shade. 
Table 2. Rumination time either lying or standing (%) of female buffaloes in three periods of 




Non-shaded Shaded Non-shaded Shaded 
Morning 2.84aB 6.85cA 7.83aB 10.86aA 
Intermediary 1.12aB 14.42aA 0.81bB 11.73aA 
Afternoon 2.84aB 9.75bA 1.52bA 2.40bA 
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Means followed by different small letters in the columns are different (P<0.05). Means 
followed by different capital letters in the lines are different (P<0.05). Periods: Morning (6 
AM – 9:55 AM), Intermediary (10 AM - 1:55 PM), and Afternoon (2 PM - 5:55 PM). 
Table 3 shows the idling time, either lying or standing, in the SPS during the three periods of 
the day. Similar to rumination, the female buffaloes sought the shaded areas to idle, in either 
position, mainly in the intermediary period. In the cooler hours of the morning period, the 
animals spent more time idling in the non-shaded areas unlike in the hotter period, when they 
sought to perform this activity under the tree canopies so as to cool down. 
Table 3. Idling time either lying or standing (%) of female buffaloes in three periods of the 




Non-shaded Shaded Non-shaded Shaded 
Morning 4.53aB 7.16bA 8.88aB 13.78bA 
Intermediary 1.60bB 22.42aA 1.60bB 17.81aA 
Afternoon 0.72bB 8.64bA 2.85bA 2.81cA 
Means followed by different small letters in the columns are different (P<0.05). Means 
followed by different capital letters in the lines are different (P<0.05). Periods: Morning (6 
AM – 9:55 AM), Intermediary (10 AM - 1:55 PM), and Afternoon (2 PM - 5:55 PM). 
Table 4 shows the time spent in “other activities” in the SPS during the three periods of the 
day, which were carried out by the female buffaloes in the early morning and late afternoon in 
the non-shaded areas. In the SPS, in the three periods of the day, the “other activities” were 
performed by the female buffaloes basically in the early morning and late afternoon in the 
non-shaded areas. 
Table 4. Time of other activities (%) of female buffaloes in three periods of the day in the 
silvopastoral system (SPS) in Belém, Para, Brazil 
Period 
Other activities (%) 
Non-shaded Shaded 
Morning 6.28aA 2.55aB 
Intermediary  2.59bA 1.35bB 
Afternoon 5.97aA 0.97bB 
Means followed by different small letters in the columns are different (P<0.05). Means 
followed by different capital letters in the lines are different (P<0.05). Periods: Morning (6 
AM – 9:55 AM), Intermediary (10 AM - 1:55 PM), and Afternoon (2 PM - 5:55 PM). 
4. Discussion 
4.1 Climate of the Experimental Area 
The lower air temperature in the shaded area, when compared to the non-shaded area, can be 
explained by the presence of trees, which blocked the direct solar radiation and provided a 
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milder microclimate to the animals. One of the main stress agents in field cattle farming 
systems is the physical environment variables, especially solar radiation and air temperature 
(Romanello et al., 2018). In conditions with high temperature and relative air humidity, the 
animals dissipate heat by changing fixed behavior patterns and times standing and lying in 
search of milder environments (Schütz et al., 2008; Schütz et al., 2009). 
4.2 Time Spent in Activities 
Regarding the times of grazing, rumination, idling, and “other activities,” the reduced grazing 
during the hottest hours of the day, in the intermediary period, was likely due to the higher 
incidence of solar radiation and high air temperatures. This way, the buffaloes sought shaded 
areas for thermal comfort. This activity was resumed after 4:00 PM, when the environment 
became milder, with a consequent reduction in rumination and idling. During the hottest 
hours of the day, the animals reduce their activities related to feeding (intake and rumination) 
and increase idling in an attempt to reduce heat production. These results are in accordance 
with those by Lourenço Júnior (1998), who reported a greater peak in grazing in the morning 
and after 3:00 PM. A similar behavior took place with other activities, considered 
complementary, which involve drinking water, defecating, urinating, eating salt, and walking. 
In the hottest hours of the day, in the intermediary period, the buffaloes spent more time in 
the shaded areas, where the microclimate is less stressful and, consequently, provides animal 
welfare (Silva et al., 2011). These animals stayed in non-shaded areas in the early morning 
and after the intermediary period to perform different activities, among which grazing, due to 
the better climate conditions at these times. Similar results were found by Titto et al. (2011) 
and Schütz et al. (2009). The change in behavior is the first biological response to the stress 
agent since, when the animals have a threat to their homeostasis, the central nervous system 
is stimulated and the organism reacts, with biological responses, in an attempt to protect itself 
and cope with the potential harmful effects (Peters et al., 2007).  
The grazing times were different in the three periods of the day in the non-shaded area, 
especially in the afternoon. The buffaloes grazed in the shaded areas mainly in the hottest 
hours of the day. It must be pointed out that grazing time is greater in non-shaded areas since 
they represented the highest percentage in the SPS at around 90%. 
Considering that the system did not have bathing water in lakes or reservoirs, which are 
common forms of thermoregulation through the thermal exchange for these animals (Marai 
and Haeeb, 2010), a greater search for the shaded areas was seen in the hottest hours so they 
could cool down. Likewise, mainly during the rainy season, the animals used the rain and 
water in puddles to cool down. This fact matches the results of Ablas et al. (2007), who 
concluded that, when there is water and shade available, buffaloes prefer water. 
The rumination times were different (P<0.05) in the three periods of the day in the shaded 
area. This activity stood out in the intermediary period. In the early morning and late 
afternoon, intense rumination activity was seen standing, at hours that coincided with lower 
solar radiation and lower air temperature, thus of greater comfort to the animals. The animals 
prefer to perform this activity in the cooler periods of the day to make up for the greater 
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production of internal heat, results that match those of Garcia et al. (2011).  
Similar to rumination, the female buffaloes sought the shaded areas to idle, in either position, 
mainly in the intermediary period so as to perform this activity with greater thermal comfort. 
Chiquitelli Neto (2005) recorded a longer idling time of the animals in the shaded area when 
compared to the direct exposition to sunlight. In the cooler hours of the morning period, the 
animals spent more time idling in the non-shaded areas unlike in the hotter period, when they 
sought to perform this activity under the tree canopies so as to cool down. In the SPS, in the 
three periods of the day, the “other activities” were performed by the female buffaloes 
basically in the early morning and late afternoon in the non-shaded areas. The similarity of 
the time spent for “other activities” along the day, including drinking water, maybe due to the 
presence of trees, which, according to Castro et al. (2008) and Moraes Júnior et al. (2010), 
provide a comfortable environment for the animals to perform their different activities 
without thermal discomfort. 
5. Conclusion 
The female bulls spend more time grazing in the milder hours of the day so as to avoid the 
harmful effects of the high incidence of solar radiation and high air temperatures of the humid 
Amazonian tropical climate. These adverse conditions, mainly in the dry season of the year, 
require environment management practices that enable better thermal comfort to the animals 
in a field cattle farming system through the control of the climate effects. Thus, silvopastoral 
systems may contribute to water buffalo welfare, which maintains their fixed behavior pattern 
and increases production performance. 
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